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(54) REFLECTION PREVENTING LAMINATE 

(57)Abstract: 

PURPOSE: To lower a haze value in spite of good reflection 
preventing capacity and to reduce the shading-off of the 
circumferential part of a cathode ray tube even in the state 
superposed to said tube, by providing a binder resin layer 
containing a specific inorg. fine powder to a transparent substrate 
layer and specifying the surface unevenness thereof. 
CONSTITUTION: A binder resin layer 3 and/or 3* containing an 
inorg. fine powder 2 having an average particle size of 0.1W4|um 
is provided to the single surface or both surfaces of a transparent 
substrate layer 1. This reflection preventing laminate is prepared 
by applying a binder resin solution containing the inorg. fine 
powder to the transparent substrate layer to dry the same. The 
surface unevenness of the reflection preventing laminate is 
0.05W10|am in ten-point average roughness RZ due to JIS and 

the number of the uneven parts thereof are 200W1 ,000 per area of 0.01 mm2. As the transparent 
substrate, there are glass, an acrylic resin or the like and, in an uncolored case, one having visual light 
transmissivity of about 80% or more is pref. The binder resin is selected from transparent ones having 
adhesive strength to the substrate layer. When the substrate layer is composed of polyethylene 
terephthalate, a ketone resin is added to alkyl etherified melamine if necessary. As a silica fine powder, 
one having an average primary particle size of about 5W100|im is pref. 
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Claims 

1 . An antireflective laminate characterized by the fact that a binder resin layer containing 
the fine powder of an inorganic compound with an average particle size in the range of 0.1-4 \im 
is formed on one or both sides of a transparent substrate layer. 

2. The antireflective laminate described in Claim 1 characterized by the fact that the 
embossing on surface is in the range of 0.05-10 |im measured in ten-point average roughness Rz 
as specified in JIS B-0601, and the number of the embossing is in the range of 200-1000 in an 
area of 0.01 mm 2 . 

Detailed explanation of the invention 
Industrial application field 

The present invention pertains to an antireflective laminate that prevents the normal 
reflection light or other surface glare from the surface of a display device and causes hardly any 
decrease in the visible light transmissivity, thus making it easy to view the displayed images. 

The antireflective laminate is mounted on the front surface of the cathode ray tube of a 
TV, light-emitting diode display panel, liquid crystal display panel, plasma display panel, watch, 
display panels of various types of display devices, and other optical light-emitting devices or 
equipment. 

Prior art and problems to be solved by the invention 

Conventionally, front surface plates made of glass or a plastic material with delustered 
surfaces to prevent glare from a light-emitting display surface have been widely used to prevent 
normal reflection. A glass surface can be embossed by etching or another chemical method or by 



3 

sandblasting or another mechanical method. It is also possible to use a delustered glass plate or 
die to process a plastic material into a film and transfer the embossing to the film or to coat an 
existing clear delustering coating material on a plastic film. Although satisfactory surface glare 
preventability can be realized in the first case, however, the resolution of the displayed image 
becomes low. This is a serious problem. In the second case, the balance between prevention of 
surface glare and effect on resolution of the molded product with transferred embossing is not 
necessarily satisfactory, because one of these characteristics will deteriorate if the other 
characteristic improves. The balance between the surface glare preventability and the resolution 
cannot be satisfied even for the product coated with an existing clear delustering coating 
material. Japanese Kokai Patent Application No. Sho 60[1985]-92850 disclosed an example of 
an antireflective laminate obtained by coating a clear delustering coating material. This method 
is basically identical to the present invention. However, since a stirrer is usually used to mix fine 
silica powder into a clear solution, the fine silica powder that has been dispersed will coagulate 
again in the clear solution. The coagulated fine silica powder coats the film surface unevenly. As 
a result, while the surface gloss is still high, the dispersion becomes uneven, degrading the 
resolution. 

Generally, an antireflective laminate must satisfy all following characteristics: 
transmissivity of 40% or higher, a 60° surface gloss (according to JIS Z8741 standard) of 70% or 
lower, and a haze of 25% or lower. 

The antireflective property of an antireflective laminate is not the only problem. For 
example, when a flat antireflective laminate plate is overlapped with a curved surface, such as 
the cathode ray tube of a TV, the degree of blur in the central part of the display where the 
distance between the laminate and the curved surface is small and in the peripheral part where 
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the distance between the laminate and the curved surface is greater. This difference tends to 
become significant as the antireflective property of the antireflective laminate itself becomes 
high. The purpose of the present invention is to solve the aforementioned problems by providing 
an antireflective laminate that has good antireflective property, small haze value, and little blur in 
the peripheral part even when it is overlapped with a curved surface, such as the cathode ray tube 
of a TV. 

Means to solve the problems 

To realize the aforementioned purpose, the present invention provides an antireflective 
laminate with the following configuration: 

The antireflective laminate is characterized by a binder resin layer (3) and/or (3') 
containing the fine powder of an inorganic compound (2) with an average particle size in the 
range of 0.1-4 jam is formed on one or both sides of a transparent substrate layer, as shown in 
Figures 1(a) and 1(b). 

The binder resin layer containing the fine powder of an inorganic compound with an 
average particle size in the range of 0. 1-4 \im refers to the average particle size of the fine 
inorganic compound powder when the binder resin layer is formed on the transparent substrate 
layer. Although the binder resin layer is usually formed by coating and drying a binder resin 
solution containing the inorganic compound powder on the transparent substrate layer, the 
aforementioned average particle size does not refer to the average particle size of the inorganic 
compound powder in the solution. 

To specify the antireflective laminate of the present invention in a functional manner, the 
embossing on its surface is in the range of 0.05-10 urn measured in ten-point average roughness 



Rz as specified in JIS B-0601, and the number of the embossings is in the range of 200-1000 per 
0.01 mm 2 . 

There is no special limitation on the transparent substrate, which can be made of glass, 
acryl, PET, polycarbonate, epoxy, polyethersulfone, polyacrylate, etc. It is preferred that a 
material be used with a visible light transmissivity of 80% or higher if the laminate is not 
colored. It is also possible to use a colored transparent substrate as the base material of a colored , 
laminate. The thickness of the laminate can be set at will in accordance with the application of 
the laminate. A transparent binder resin is selected that is adhesive to the substrate layer. If the 
substrate layer is made of a polyethylene terephthlate, it is possible to use a material prepared by 
adding a ketone resin to alkyl etherified melamine, butyral resin, or acidic alkyl phosphate as 
described in Japanese Kokai Patent Application No. Sho 60[1985]-92850, if necessary. 

It is preferred that silica be used as the fine powder. The average particle size of the fine 
silica powder used should be in the range of 20-50 ^m, or preferably in the range of 20-50 ^im. If 
the average particle size is smaller than 5 |im, the coating material will not be delustered, and the 
surface glare preventability becomes poor. If the average particle size is larger than 10 |im, it is 
difficult to obtain a uniform coating film, and transparency will deteriorate. The amount of the 
fine silica powder used should be in the range of 2-30 parts by weight, or preferably in the range 
of 3-10 parts by weight with respect to 100 parts by weight of the binder resin. Less than 2 parts 
by weight yields insufficient surface glare prevention. More than 30 parts by weight degrades 
transparency, and increases haze. As a result, the resolution becomes low. 

Natural or synthetic organic and inorganic dyes can be used to color the laminate. The 
fine silica powder may also contain extender pigments, dispersants, defoaming agents, 
antiprecipitation agents, antistatic agents, leveling agents, and other various types of additives. In 



the present invention, the clear delustering coating material can be used by adding various 
normal solvents to adjust the viscosity and the solids content. There is no special limitation on 
the type of solvent used. However, if the evaporation rate of the solvent is too high, the coating 
film will foam, and wrinkles will occur. Consequently, it is preferred to control the evaporation 
rate by mixing two or more types of solvents with different boiling points in the range of 
60-350°C. The concentration of the clear delustering coating material of the present invention in 
the solvent can be varied in a wide range as demanded. The concentration is usually in the range 
of 0.1-50 wt%. The antireflective laminate of the present invention is obtained by 
homogeneously dispersing fine silica powder in a coating material and coating is clear 
delustering coating material on a transparent substrate, then curing by drying. It is inappropriate 
to use a stirrer for dispersion because its dispersion power is low. A method that can powerfully 
perform dispersion is adopted. Preferred examples include sand mill, ball mill, vibration mill, 
attrition mill, homomixer, three-roll mill, etc. Examples of the coating method that can be used 
include brush coating, roll coating, spin coating, flow coating, spray coating, roll coating, curtain 
flow coating, etc. The optimum drying conditions vary with the type of solvent and the thickness 
of the coating film, etc. Drying is usually performed at a temperature in the range of 90-170°C. 
The drying time is usually in the range of 90-170 sec. 

The thickness of the coating film in the antireflective laminate of the present invention is 
usually in the range of 1-20 |im, or preferably in the range of 1-10 (im. If the thickness is smaller 
than 1 jxm, the surface-protecting property is insufficient. If the thickness is greater than 20 ^m, 
the transmissivity of the laminate becomes low. 

The laminate of the present invention is colorless. If necessary, it can also be colored. 
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Effects of the invention 

With the particle size and concentration varied, Figure 2 shows the relationship between 
haze and surface gloss of the antireflective laminate disclosed in the present invention (curve B) 
in comparison with the relationship between haze and surface gloss of a conventional laminate 
(curve A). As shown in the figure, for the same surface gloss, the degree of haze is lower than 
that in the conventional case in which the fine powder of an inorganic compound with a 
relatively large average particle size is used. Consequently, the eyes will not become fatigued 
even viewing the screen for a long period of time. When viewing a screen up close, such as a 
computer monitor display, since the normal reflection of the light coming from the outside can 
be prevented, the screen is easy to view, and the eyes will not become fatigued even viewing the 
screen for a long time. Consequently, the present invention is very useful for the computer 
displays, various types of measurement instruments, medical devices, etc. In the following, the 
present invention will be explained in more detail with reference to application examples and 
comparative examples. 

Application Example 1 

30 parts by weight (in the equivalent of the solid content) "Superbeckermin 
[transliteration] J-820-60" (product of Dainippon Ink & Chemicals, Inc.) as butyl etherified 
melamine, 10 parts by weight "Esreck [transliteration] BL-1" (product of Sekisui Chemical Co., 
Ltd.) as butyral resin, 4 parts by weight acidic isopropyl phosphate, 6 parts by weight fine silica 
powder with an average particle size of 40 jim, and 2 parts by weight phosphoric acid as curing 
catalyst were added to a solvent mixture consisting of 40 parts by weight ethyl cellosolve, 
80 parts by weight toluene, 80 parts by weight methyl ethyl ketone. The mixture was dispersed in 
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a sand mill for 40 min, obtaining a clear delustering coating material. The coating material was 
spin coated on a biaxially stretched polyethylene terephthalate film with a thickness ofl25 |im 
and a visible light transmissivity of 84%. The coated film was dried in a hot air dryer at 130°C 
for 30 min, obtaining the antireflective laminate of the present invention comprising the 
aforementioned film layer and cured coating layer. 

The average particle size of the fine silica powder in the laminate was 0.8 jam, as 
measured with an electron microscope. 

The results are listed in Table 1. The total light transmissivity, parallel light 
transmissivity, diffused light transmissivity, and haze were measured using haze meter HGM-20 
produced by Suga Shikenki K.K. 

The surface gloss was measured at an angle of 60° using glowmeter GM-3 produced by 
Muragami Color Technology Research Lab. The adhesive strength of the coating film was 
evaluated by performing a cellotape peeling test. No abnormality occurred, and even if the 
coating film was scratched with steel wool, no damage was caused, indicating that the coating 
film had an excellent anti-scratch property. 

Compared with Comparative Example 1 or 2 to be described later, the laminate obtained 
in Application Example 1 has higher light transmissivity and lower haze and surface gloss. 
Therefore, both the surface glare preventability and resolution are excellent. As can be seen from 
the electron microscope pictures, the surface of the laminate obtained in Application Example 1 
is fine and uniformly coated. On the other hand, in Comparative Example 1, the surface is almost 
smooth. In Comparative Example 2, the coated silica is coagulated in some areas. 
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Application Example 2 

The laminate was formed in the same way in the same way as described in Application 
Example 1 except that the amount of the fine silica powder used in Application Example 1 was 
changed to 8 parts by weight. The results are listed in Table 1 . 

The average particle size of the fine silica powder in the laminate was 1 .0 |im as 
measured by an electron microscope. 

Comparative Example 1 

The laminate was formed in the same way as described in Application Example 1, except 
that the amount of the fine silica powder used in Application Example 1 was changed to 1 part 
by weight. The results are listed in Table 1. 

Although the resolution was good, since the surface was almost smooth, the surface gloss 
became too high. As a result, there was no antireflective effect. 

Comparative Example 2 

The laminate was formed in the same way as described in Application Example 1 except 
that the stirring method adopted was dispersion with a stirrer for one day. The results are listed in 
Table 1. 

Comparative Example 3 

The laminate was formed in the same way as described in Application Example 2 except 
that the stirring method adopted was dispersion with a stirrer for one day. The results are listed in 
Table 1. 
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Brief description of the figures 

Figure 1 is a schematic cross-sectional view illustrating the laminate of the present 
invention. 

Figure 2 is a diagram explaining the relationship between surface gloss and haze. 

1 Transparent substrate layer 

2 Fine powder of inorganic compound 

3 Binder resin layer 



Table 1 



Key: 1 Application Example 

2 Comparative Example 

3 Number of embossing 

4 Ten-point average roughness 

5 Average particle size in finished laminate 

6 Total light transmissivity 

7 Parallel light transmissivity 

8 Diffused light transmissivity 

9 Haze 

10 Surface gloss 
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Figure 1 

Key: 1 Transparent substrate layer 

2 Fine powder of inorganic compound 

3 Binder resin layer 



Figure 2 



Key: 1 Surface gloss 
2 Haze 



